bled those observed after surgical parathyroidectomy (PTx), sometimes described as the hungry bone syndrome, indicating that cinacalcet treatment induces a rapid recovery in bone response to calcium. In addition, long-term efficacy and safety of cinacalcet were also observed in Japanese patients undertaking long-term hemodialysis (167.0 8 81.4 months).
Introduction
Secondary hyperparathyroidism (SHPT) is a serious complication in patients undergoing hemodialysis (HD), and is characterized by progressive hyperplasia of the parathyroid glands and excessive parathyroid hormone (PTH) secretion [1] . Elevated levels of PTH cause high bone turnover characterized by increased bone formation with abnormally high rates of bone resorption. Cinacalcet HCl, a calcimimetic agent, acts as a positive allo-steric modulator of the Ca receptor (CaR) [2, 3] by increasing the sensitivity of the receptor to extracellular Ca, thereby reducing the secretion of PTH without increasing the serum levels of calcium (Ca), phosphorus (P) or Ca ! P [4] . A previous study indicated that cinacalcet treatment reduced the PTH-driven Ca and P efflux from bone [5] . However, few studies have evaluated the effects of cinacalcet on bone metabolism in patients with SHPT. Lien et al. [6] reported that cinacalcet treatment reversed bone loss in the proximal femur but did not improve the BMD of the lumbar spine. Jean et al. [7] demonstrated improvement in bone turnover markers with cinacalcet; however, the number of patients was limited, and there were only two observation points at 6 and 12 months after commencing treatment. In this study, we investigated the therapeutic advantages and safety of cinacalcet and its effect on bone metabolism using time-lapse analysis in Japanese patients on long-term HD.
Methods
This study was an open-label multicenter study of 52 weeks' duration conducted at 39 centers in Japan. HD patients were eligible if intact PTH (iPTH) levels were 6 300 pg/ml and serum Ca levels, corrected by serum albumin, were 6 9.0 mg/dl. Major exclusion criteria were a history of PTx within the past 24 weeks, pregnancy or lactation, severe hepatic and cardiac diseases, and uncontrollable hypertension or diabetes. Patients received cinacalcet once daily and the dose was titrated from 25 mg to a maximum of 100 mg in order to achieve iPTH levels ^ 250 pg/ml. If serum Ca levels decreased to 8.4 mg/dl or less, dose titration was restricted and if serum Ca levels decreased to 7.5 mg/dl or less, cinacalcet was temporarily discontinued until the serum Ca level recovered to 8.4 mg/ml or greater. No restrictions were imposed on the use of active vitamin D or its analogs and on the use of phosphate binders. PTx or other intervention (e.g. percutaneous ethanol or calcitriol direct injection therapy) was restricted during the study period. iPTH, serum Ca and serum P levels were assessed weekly (weeks 0-24) or biweekly (weeks 26-52) and biochemical markers of bone metabolism were assessed every 4 weeks. Serum Ca values were corrected for the albumin concentration as follows. For each 0.1 g/dl decrease in albumin below 4.0 g/dl, the serum Ca was increased by 0.1 mg/dl. The efficacy population consisted of patients with at least one efficacy measurement. The safety population included all patients who received at least one dose of cinacalcet. To confirm the efficacy results, 95% CIs were calculated. The population of patients who received concomitant medication at week 52 was compared with the popu lation at baseline using McNemar's test. The mean dose of concomitant medication at week 52 was compared with the dose at baseline using a paired t test. p ! 0.05 is considered statistically significant. All statistical analyses were performed using the SAS software package (version 8.02; SAS Inc., Cary, N.C., USA).
Results
A total of 200 SHPT patients were enrolled and all of them were evaluated for safety. One patient was eliminated from the efficacy population due to no measured efficacy parameters, and baseline demographics and laboratory values for the remaining 199 patients are shown in table 1 . Thirty patients discontinued the study (14 adverse events, 9 withdrawal of consent, 6 inappropriate administration, and 1 kidney transplantation). After administration of cinacalcet, serum iPTH levels (mean 8 SD) decreased gradually from 640.5 8 297.2 pg/ml (baseline) to 281.8 8 226.3 pg/ml (week 20), and then remained stable through the study period ( fig. 1 a) . Cinacalcet treatment achieved a 52.38 8 33.34% (mean 8 SD) reduction in average iPTH levels at the end of the study visit. The target iPTH level of ^ 250 pg/ml was achieved in 57.8% (95% CI: 50.6-64.7) of patients (115/199) at the end of the study visit. The proportion of patients whose iPTH levels were reduced by 30% or more at the end of the study was 85.9% (95% CI: 80.3-90.4; 171/199). In contrast to the gradual suppression of iPTH levels, serum levels of Ca and P and the Ca ! P product decreased rapidly after initiation of cinacalcet treatment, reached stable levels within a week, and maintained thereafter throughout the study period ( fig. 1 b) . The typical differences in the acute and continued changes induced by cinacalcet treatment are depicted in figure 3 by comparing the percentage changes of these parameters from the baseline at weeks 4 and 52. Tartrate-resistant acid phosphatase (TRAP) and the amino-terminal telopeptide of type I collagen (NTx) levels decreased gradually through the study period. In contrast, bone-alkaline phosphatase (BSAP) levels started increasing just after commencement of cinacalcet treatment and then declined between weeks 4 and 8. The gradual decrease after week 8 ceased at week 36 and levels remained stable thereafter ( fig. 2 ). As shown in figure 3 , cinacalcet treatment preferentially suppressed the osteoclastic bone resorption markers, TRAP and NTx, rather than BSAP that reflects osteoblastic function.
The mean dose of cinacalcet was 44.50 mg/day at 12 weeks and remained stable during the rest of the study ( table 2 ) . Of the 169 remaining participants at week 52, 68 (40.2%) were maintained on 25 mg/day, 60 (35.5%) on 50 mg/day, 23 (13.6%) on 75 mg/day and 15 patients (8.9%) on 100 mg/day. Three patients (1.8%) temporarily discontinued cinacalcet treatment. The percentage of patients receiving intravenous active vitamin D sterols (maxacalcitol or calcitriol) and the mean equivalent calcitriol dose (conversion formula 1.5 g calcitriol = 10 g maxacalcitol) remained almost unchanged through the study period. In contrast, the percentage of patients receiving a Ca-containing phosphate binder increased significantly at week 52 and the mean dose also showed a slight but significant increase at week 52 compared with baseline ( table 2 ). Cinacalcet was generally well tolerated at oncedaily doses ranging from 25 to 100 mg daily. Adverse events considered related to treatment occurred in 72.5% of patients (145/200), with most mild-to-moderate in severity. Abdominal discomfort, nausea and vomiting were the most common treatment-related adverse events (21.5, 14.0 and 9.5% of patients, respectively). 
Discussion
This is the first report of long-term cinacalcet treatment with ad libitum medications of active vitamin D sterols and phosphate binders in Japanese HD patients with SHPT. It is well known that many Japanese dialysis patients have a long dialysis vintage compared to patients in the US and EU [8] , and the patients in this study were similar in mean dialysis duration (167 8 81.4 months) to those in our previous report (170.4 8 93.7 months), who were assumed to have a high severity of SHPT [9] . Serum levels of iPTH, Ca, P and Ca ! P were successfully decreased, and the outcomes of this study are comparable to those of previous studies conducted in the US or EU with shorter dialysis durations [4] , indicating that cinacalcet provides effective therapeutic outcomes even for patients with a long dialysis duration. In the first week of treatment, serum Ca, P and Ca ! P product quickly decreased prior to adequate suppression of iPTH. This finding suggests that cinacalcet would be very useful in achieving the Japanese guidelines for the management of SHPT in chronic dialysis patients, in whom the achievement of phosphorus and calcium control are accorded higher priority for survival than PTH control [10] . In the next phase around week 4, we observed an increase in BSAP, whereas the osteoclastic reabsorption markers, TRAP and NTx, decreased. These changes suggest the alteration of bone metabolism from preexisting pathophysiological settings under SHPT, probably due to amelioration of PTH hyperactivity. It is of interest to note that a similar temporal increase in BSAP is also observed after PTx. This condition is sometimes referred to as the hungry bone syndrome, and is characterized by a temporary increase in BSAP and prolonged hypocalcemia [11, 12] . The suggested causative mechanism is that a sudden disappearance of PTH leads to suppression of osteoclast activity [13] , a subsequent increase in calcium influx into bone, and accelerated osteoblast-mediated bone formation [14] . Cinacalcet regulates the moment-to-moment secretion of PTH [15] via activation of CaR, and can lower serum levels of PTH within 1 h after an oral dose, with maximum reduction around 2-4 h after administration [16] . Since our measurements of iPTH were performed approximately 24 h after administration of cinacalcet, the magnitude of changes in PTH levels induced by treatment with cinacalcet in this study may have been underestimated. A drastic reduction in PTH levels within a few hours might work as a transient chemical PTx, inducing a hungry bone-like response as with real surgical PTx. After 36 weeks, when the hungry bone syndrome had dissipated, TRAP and NTx continued to decrease, whereas BSAP and PTH levels stayed stable. At week 52, BSAP was below the baseline level, but its reduction was less significant than that of either TRAP or NTx. In other words, long-term cinacalcet treatment appeared to preferentially suppress osteoclastic bone resorption rather than osteoblast-mediated bone formation in the late phase of this study. These findings suggest that cinacalcet may not only correct PTH levels, but also lead to a preferable outcome in bone metabolism. The effect of cinacalcet on bone metabolism in patients with SHPT has also been studied elsewhere, and Lien et al. [6] reported that cinacalcet treatment reversed bone loss in the proximal femur but did not improve the BMD of lumbar spine. However, BMD was measured after 26 weeks of treatment in that study, and did not address the effects of cinacalcet on bone metabolism in the later stages that this study has shed light on. Flexible use of active vitamin D sterols and phosphate binders also probably contributed to the mod- ulation of bone metabolism in our study. Management of serum Ca and P levels is important for better outcomes in SHPT treatment, and it is well known that conventional therapeutic regimens such as active vitamin D sterols and Ca-containing phosphate binders can cause hypercalcemia and hyperphosphatemia [17] . The dosage of concomitant medication in this study reflects that a typical Japanese therapeutic pattern was different from those in the US and EU judging from the previous studies which were conducted with almost the same criteria as our study [18, 19] . In brief, the lower dosage of vitamin D sterols and Ca-containing phosphate binders were observed in this study than those of other two studies (vitamin D sterols; 2.3, 4.7 and 3.3 g/week, Ca-containing phosphate binders; 1,099, 1,903 and 2,200 mg/day as of elemental calcium intake, in Japan, US and EU, respectively). The mean serum calcium level in a Japanese patient population was higher than those in the US and EU (10.01 vs. 9.6 and 9.7 mg/dl), which might be caused by longer vintage of dialysis. This characteristic might be one reason for the lower dosage of vitamin D sterols and Ca-containing phosphate binders. The mean sevelamer dosage was also lower in our population (3,305 vs. 5,094 and 4,500 mg/day) probably due to the higher sensitivity to the gastrointestinal side effects of Japanese patients [20] . Few studies have demonstrated the impact of cinacalcet on conventional treatment regimens allowing flexible dosing of active vitamin D sterols and phosphatebinders. As shown in table 2 , dosages of intravenous active vitamin D sterols and sevelamer HCl remained almost unchanged, although both were reduced in a previous study in which cinacalcet treatment was fixed by protocol [21] . It is worthy of note that significant increases in the mean dosage and the percentage of patients on a Ca-containing phosphate binder were observed both in the earlier study and this one. The appropriate dosing of active vitamin D sterols and sevelamer are still controversial, but it is evident that cinacalcet treatment extends the use of Ca-containing phosphate-binder. In conclusion, we demonstrated in this 52-week study that cinacalcet is effective and safe in Japanese patients undertaking long-term hemodialysis, and behaves like surgical PTx. Cinacalcet can improve bone metabolism, although further studies are needed to clarify its effect on bone metabolism and long-term outcomes in clinical practice.
